On the relation between rapid light-induced Ca2+ release and proton uptake in rod outer segment disk membranes.
In this paper we review our experiments on the light-induced Ca2+ release and proton uptake at the rod outer segment (ROS) disk membrane using flash-spectrophotometry and the indicating dyes arsenazo III and bromcresol purple. We used three different ROS preparations in order to locate the intracellular site of Ca2+ release. The ionophore A23187 was required to communicate the Ca2+ release to the indicator located in the external medium in both ROS with an intact and with a leaky plasma membrane. A23187 was also required to observe the Ca2+ released in the interior of vesicles prepared by sonication of ROS. From this we conclude that the site of Ca2+ release is located at the luminal side of the disk membrane, whereas this Ca2+ was not transported across the disk membrane under our experimental conditions and on the time scale of our experiments (20 s). Light-induced Ca2+ release was inhibited by electrolysis in the suspension medium provided that the electrolytes gained access to the compartment where Ca2+ was released. The effectivity to inhibit Ca2+ release markedly increased from monovalent to divalent to trivalent cations. The results strongly suggest that electrolytes (cations) act by screening the electrostatic potential at the disk membrane surface due to the presence of a net fixed negative surface charge. The surface potential controls the free Ca2+ concentration at the membrane surface and, therefore, controls the amount of Ca2+ bound to the disk membrane. The kinetics of light-induced Ca2+ release and proton uptake showed a similar dependence on the structural status of the ROS. In sonicated ROS almost linear Arrhenius plots were observed for metarhodopsin II formation, Ca2+ release and proton uptake (energy of activation 150 kJ/mol). In intact ROS both Ca2+ release and proton uptake showed a nonlinear Arrhenius plot with rate constants up to 30-fold slower than metarhodopsin II formation. At temperatures above 10 degrees C a process other than metarhodopsin II formation rate limited both ligh-induced proton uptake and Ca2+ release (energy of activation 42 kJ/mol). A model is discussed in which metarhodopsin II formation triggers the uptake of proton(s) into the disk membrane lowering the surface potential. A reduction potential of the surface in turn decreases the free Ca2+ concentration at the surface thereby causing the release of part of the bound Ca2+.